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Abstract: The CDF and DO experiments have collected integrated luminosi- 
ties of 21 pb-’ and 16 pb-l, respectively, in the 1992-1993 run (Run Ia) at the 
Fermilab Tevatron. Preliminary results on electroweak physics are reported from 
both experiments: the W mass, the leptonic branching ratios I’(W + tv), the 
total W width, gauge boson couplings, W decay asymmetry and W’/Z’ search. 

Preliminary new results on b physics are presented: B”-3 mixing from DO, and 
masses and lifetimes of B-mesons from CDF. 

1 Introduction 

In the 1992-1993 data taking run (Run Ia), the two experiments CDF and DO at the Fer- 
milab Tevatron have collected integrated luminosities of approximately 21 pb-’ and 16 pb-l, 
respectively, at fi = 1.8 TeV. Run Ia is the first data taking run for D0. CDF has been 
upgraded by addition of silicon vertex detector (SVX) and a second set of muon chambers. 
The preliminary CDF results presented here use the full data sample. The DO results are 
also preliminary, and the analyses of some of the subjects are based on a part of the accu- 
mulated data, 8 pb-l for the muon data sample and 16 pb-l for the electron data sample. 
The CDF detector[‘l and DO detectori are described elsewhere. 

The subjects covered and availability of analysis results are summarized below: - denotes 
the result is not available. Since only the muon charge is measurable by the DO detector, 
they report W decay asymmetry and B”-B” mixing in the muon channel. CDF collected an 
integrated luminosity of -4 pb-’ in the 1988-89 data taking run. These results, denoted by 
88 in the table, have been published elsewhere. 
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2 W mass measurement 

Since a precise 2 boson mass is available from the LEP experiments, the Standard Model can 
specify all the electroweak parameters, apart from the top quark mass and the Higgs sector. 
The best estimate to the W mass is 80.25f0.10 GeV/c 2[31. Accurate W mass measurements 
at the Tevatron permit an overconstrained fit of the electroweak parameters and thus we can 
test the Model. In future, provided with an accurately known top mass, these measurements 
can give constraints on possible Riggs masses. 

At the Tevatron collider, W’s and Z’s are produced predominantly through valence 
quark-antiquark annihilation. CDF and DO identify W’s by the subsequent leptonic de- 
cays, where one high pi lepton (e or p) and a large unbalanced ET due to the escaping u 
are detected. Z’s are identified by decays into two high pi leptons (e+e- or pL+p-). 

Table 1 summarizes the lepton selections for identification of W’s and 2’s. The selections 
are used for the R measurement described in the next section. CDF raised the ET= and 
missing ET cuts to 25 GeV and added jet rejection and # cuts for the W mass measurement. 
DO does not quote a W mass in the muon channel, since the number is not competitive. 

In order to extract the W mass, both experiments fit the MC generated distribution to 

the measured transverse mass distribution, MT = E;E$(l - CO~&~), where &, is the 

azimuthal angle between the lepton and neutrino. It is crucial that realistic 3~ spectrum 
is available in the MC in order to reproduce the AJ& distribution correctly. CDF models 
the 3~ using a Pr, ‘w calculated from structure functions and a $$’ taken from the measured 
@; distribution with a scale factor multiplied. DO uses a theoretical calculation141 with 
minimum bias events overlaid. 

The CDF /.L momentum scale is determined by fitting the reconstructed masses of J/1c, and 
Y resonances, and e energy scale from the calorimeter-energy-to-track-momentum (E/p) 
ratio. The DO e scale is determined using the 2 mass measured by the LEP experiments. 
In order to establish the neutrino ET scale, the calorimeter response to the low energy 
hadrons recoiling against the W has to be fully understood. Both experiments use the 2 
events to study the systematics in the neutrino ET measurement. Using the relation between 
@: and recoiling jet energy in the 2 events, DO corrects the neutrino ET scale based on 
the difference of the two. CDF uses the measured calorimeter energy in the 2 events with 
the same P$ as the MC generated PT w. The scale factor multiplied to @ is determined by 
comparing the distributions of the recoil jets associated with W’s and 2’s. 

The MT distributions are shown in Fig. 1 for CDF W + /.JV and DO W + eu events. 
The preliminary W mass measurements are summarized as (in GeV/c2): 

CDF W + eu 80.47 f O.lEi(stat) f: O.lS(syst) Ifr O.lO(SF) f O.lS(scaZe) 
CDF W+pv 80.29 f 0.20(stat) f O.lS(syst) f O.lO(SF) f O.OG(scaZe) 
CDF e + /.L combined 80.38 f 0.23 
D0W+eu 79.86 f O.lG(stat) Ifr: O.lS(syst) rt O.O7(SF) If: 0.3l(scuZe) 
CDF + DO combined 80.25 f 0.21 
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Primary e: 
ET cut (coverage) 
shower shape 

isolation 
E/p match 
trk-calor match 
hadronic leakage 
event vertex 
Neutrino: 
missing ET cut 
Secondary e: 
pi cut (coverage) 

isolation 
hadronic leakage 
other cuts 
energy scale 

Primary p: 
pT cut (coverage) 
calorimeter energy 
isolation 
p-central track match 
attach to event vertex 
Neutrino: 
missing ET cut 
Secondary ~1: 
pi cut (coverage) 
calorimeter energy 
attach to event vertex 
pp angles 
other cuts 
momentum scale 

Table 1. Event selections for W and 2 identification in the muon and electron de- 
cay channels. Cut values are for the R measurement. Pseudo-rapidity is defined as: 
q = -l&@/2), h w ere 0 is the polar angle with respect to the proton direction. 
Separation in the (q,4) pl ane is defined as: AR = dA$ + A4”. 

CDF DO 

ET > 20 GeV (Ial < 1.1) ET > 25 GeV (171 < 1.1) 
lateral sharing < 0.2 lateral+longitudinal profile 
x&, < 10 (SMD:shower max det) x2 < 100 for 41 dof 
ET~~‘O*~/ET < 1.1 ~ARc0.4 

/ - 
jyAR<O.2 < 1 15 

0.5 < E/p < 2.0 
bxttk-SMD < 1.5 cm hrk-dst < 10ur.M 

Had/EM < 0.055 + 0.00045E EM/(EM+Had) > 0.9 
lZvtzl < 60 cm 

ET >20 GeV ET >25 GeV 

ET > 20 GeV (1~1 < 1.1) 
ET > 15 GeV (1 < 171 < 2) 
ET > 10 GeV (2 < 171 < 4) 
same as Primary 
Had/EM < 0.1 

same as Primary 

same as Primary 
same as Primary 
same as Primary 

E/p ratio 2 (Mz = 91.187 GeV/c2) 
(.I/+ , A’ under study) 

pT > 20 GeV/c (171 < 0.63) 
Had < 6; EM < 2 GeV 
~~~~~~~~ < 2 GeV 

~xinner(outer) < 2( 5) cm 
< 5 cm with It,,tl < 60 cm 

pr > 20 GeV/c (171 < 1.7) 
Had+EM > 0.5i”cc,> linfc GeV 

--2anz;p < E0.2x0.2 < 3urnip 

A4 < 0.35 rad; Ae < 0.45 rad 
< 25 cminJD, < 10 cm’“+ 

ET >20 GeV ET >20 GeV 

pi > 20 GeV/c (1~1 < 1.2) 
Had < 6; EM < 2 GeV 

pi > 15 GeV/c (1~1 < 1.7) 

< 5 cm with IzJ < 60 cm 

cosmic ray filter 
J/T), T’s; 2 as a check 

30” < I$& < 16O”;B,, < 170” 
cosmic ray filter 
field mapSalignment 
(Z,J/$ under study) 

The main contributors in the systematics are the energy resolution (0.14/0.12 GeV/c2 
for CDF e/p, and 0.15 GeV/c2 for DO ), @. modelling (0.11/0.14 GeV/c2 for CDF e/p, 
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Figure 1: Transverse mass distributions for (left) CDF W --+ ~IJ and (right) DO W -+ ev 
events. 

0.05 GeV/c2 for DO ). U ncertainties due to the structure function (SF) and energy scale 
are quoted separately. 

Since the MT distribution of background events, such as W + TV, 2 -+ ee/rr and QCD 
backgrounds (in W + eu channel), are different, CDF and DO have studied in detail the W 
mass shift due to the backgrounds. CDF includes a correction of SO.11 ($0.23) GeV/c2 in 
the W mass in the e (p) decay channel. 

3 R measurement 

The ratio of the W and 2 cross sections in the e and p decay channels, Rf, is a good 
quantity at the Tevatron collider to measure the leptonic decay branching ratios and the W 
total width Pw. The branching ratio is sensitive to unknown decay modes of the W, which 
can place a model independent limit on the mass of the top quark. The leptonic decay 
widths to electron and muon can test lepton universality using real W’s. 

The ratio Rl can be expressed as: 

Rr = 
aB(W --+ eu) uw * r.(W + eY)/r, 
uB(Z + a) = uz. r(z .+ u)pz * (1) 

l?(W --) 1~) and I’w are extracted from R by using the following numbers from theories and 
LEP experiments: 
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CDF DO 

uw/uz 3.33 f o.03151 3.26 f 0.0816’ 
r(w -+ cv)pyz --$ tt) 2.696 f 0.018[71 2.696 zt 0.018[71 
lYz in GeV 2.489 f 0.007[81 2.487 f O.OIO[g] 
I’(2 + ee) in MeV 83.33 f 0.30i81 83.24 f 0.42[‘1 
I’(2 + pp) in MeV 83.78 f 0.40[81 83.24 f 0.42[‘] 

The advantage of taking the ratio is that many uncertainties in the cross section measure- 
ments cancel or are reduced, such as the integrated luminosity, common terms in W and 2 
detection efficiencies, and the systematic uncertainties in the W and 2 acceptances. 

DO reports the W and 2 cross sections. The cross sections, the R value, the W total 
width are summarized in Table 2. The new DO cross section measurements can be compared 
with the published data by CDF[‘OI. The W and 2 cross sections by CDF and DO agree 
with each other, and they, together with UAl and UA2 measurements, are described well 
by theoretical calculations, for example, by Ref [ll]. 

Table 2. Cross sections for W and 2 productions, Rl, and W total decay width I’$ 
measured in the e and p decay channels. The numbers are preliminary except for the 
cross sections from CDF[‘O]. First errors are statistical, second systematic. Uncertainty 
in the luminosity is separately shown for the cross sections. 

CDF DO 
uB(W + ev) (nb) 2.19 f 0.04 f 0.14 f 0.15 (lum) 2.25 f 0.03 f 0.10 f 0.27 (lum) 
uB(W -+ pv) (nb) 2.21 f 0.07 f 0.14 f 0.15 (lum) 2.00 f 0.07 f 0.41 f 0.24 (lum) 
uB(Z + ee) (nb) .209 f .013 f .009 f ,014 (lum) 0.21 f 0.01 f 0.01 f 0.02 (lum) 
uw + Pi4 (4 .226 f .022 f ,018 f .014 (lum) 0.20 f 0.02 f 0.05 f 0.02 (lum) 
& 10.86 f 0.32 f 0.28 10.70 f 0.60 f 0.50 

Fi (GeV) 2.07 12.38 f rt 0.06 0.63 f f 0.06 0.45 2.05 10.0 f f 0.11 1.1 f f 2.4 0.11 
r& (GeV) 1.80 rfr 0.11 f 0.09 2.19 f 0.24 f 0.53 

The W total width, a fundamental constant of the Model, agrees excellently with the 
Standard Model prediction 2.067 f 0.021 GeVi7]. 

The measurement of the branching ratio is sensitive to new decay modes of the W. 
One such decay mode would be W decaying to top. The measurement provides a limit on 
the top quark mass independent of the presumed top decay channels in the mass region 
M@, < MW - Mb, since the W can decay into a real top and contribute to the W width. 
The predicted value of the branching ratio is plotted in Fig. 2 as a function of the top mass. 
We use this ratio since it depends weakly on the W mass. The CDF and DO R, values and 
95% upper limits are also shown. The corresponding top mass limit is 62 GeV/c2 by CDF[l’] 
and 56 GeV/c2 by DO at 95% CL. 
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Figure 2: The predicted value for r(W)/I’( W + ev) from the Standard Model, and CDF 
and DO measurements. Dot-dashed lines are 95% CL upper limits. 

4 Wy coupling 

Measurement of gauge boson couplings is now becoming feasible at the Tevatron, as we collect 
large statistics samples of W and 2 bosons. Among the various gauge boson combinations, 
the channel involving Wy is expected to have the largest cross section. The trilinear coupling 
of the gauge bosons is completely specified in the Standard Model. Anomalous couplings can 
be non-zero in some extensions such as in composite models, and, if they exist, will modify 
the event rates and distributions. 

The lowest order W7 production diagrams are shown in Fig. 3 (V=W). The most general, 
gauge and Lorentz invariant effective Lagrangian[131 is expressed as: 

A 
Lwwr = -ie[(WLvWpA’ - (WjA,Wp”) + KW~W,F”” + -W;,WfF” 

MtiJ 

SdW~W”W + A’ -w&wp~ 
Mk (2) 

where W,,,, = &WY - &W,, Fpy = B,A, - &Ap, and pPy = ft;vmpFuP. This Lagrangian 
gives rise to electromagnetic moments of W+: 

magnetic dipole pw = 2Mw -+1+)c+J) +& 
electric quadrupole Qw = -$r(~ - A) -+-+ 

MW 
electric dipole dw = $-(Id+ A’) + 0 
magnetic quadrupole Q’w = -$$K’ - A’) + 0 

In the Standard Model, An 3 1 - 6 = X = K’ = A’ = 0, these moments are reduced to 
the values listed in the last column. Among the above anomalous couplings, An and X are 
CP conserving terms, and n’ and A’ are CP non-conserving. 
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V 

Figure 3: Lowest order diagrams of V + 7 production: (a) u-channel, (b) t-channel, (c) s- 
channel (V “production”), (d) s-channel (“radiative” V decay), (e) internal bremsstrahlung. 

The photons are identified by requiring an EM cluster with no track pointing to it. The 
7 coverage in Iql is 1.1 by CDF and 3.2 by DO, and the ET cut is 7 GeV by CDF and 10 
GeV by DO. Both groups require a tighter requirement for the isolation cut than that for 
electrons, and the separation between the 7 and the lepton (e or /J) from W decay to be 
ARl-, > 0.7 to suppress internal bremsstrahlungs (the diagram (e) of Fig. 3), and to allow 
precise energy reconstruction of both the 7 and the lepton. CDF uses extensively the Shower 
Max Detector (SMD) pl im emented in the EM calorimeter to reject x0/q’s, which are the 
main source of the background. 

Table 3. Summary of the W7 events and the limits on the anomalous couplings (pre- 
liminary). 

CDF DO 
W7; W + ev 

No of signal events 13.6 f 4.5 zt 3.5 6.1 f 4.2 f 1.8 
No of backgrounds 5.4 f 1.1 f 1.5 3.9 f 1.8 
No of expected (SM) 17.0 f 1.8 f 2.3 8.7 f 0.9 f l.l(Zwr~) 

w7; w + pu 
No of signal events 3.7 f 2.6 IfI 0.6 6.0 f 4.2-f& 
No of backgrounds 0.4 f 0.1 f 0.2 4 oyjo, 
No of expected (SM) 8.6 f 0.9 f 1.7 6:9 hi.0 f 0.8(hm) 

e + p combined limits (95% CL) 
(A = 0) -2.3 < AK < 2.2 -2.5 < AIS < 2.7 
(An = 0) -0.7 < A < 0.7 -1.2 < A < 1.1 
(A’ = 0) -2.3 < Au’ < 2.2 
(AK’ = 0) -0.7 < A’ < 0.7 
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Figure 4: Limits on anomalous Wy couplings (DS preliminary). The contours show the 
limits at 68% and 95% CL. 

The preliminary W7 event rate, background rate and the Standard Model prediction are 
summarized in Table 3. Also listed in the table is the 95% CL limits on anomalies. The 
main background is W+jets events with one of the jets misidentified as a photon. Both 
groups have studied the probability that a QCD jet passes the photon identification cut, 
and multiplied it to the number of W+jets events to evaluate this background rate. Other 
backgrounds considered are 2 + r/jets events with one of the 2 decay leptons being missed 
by the detector, W7 with W + TV, and Drell-Yan + r/jets. 

DO has extracted the limits from the W7 event rate. The e and JL combined event rate 
is compared in Fig. 4 with the expectations as a function of the anomalous coupling Arc (A) 
with A (An) fixed to zero. The limits are expressed in the X - AK. plane as shown in the 

Data (25 events) 

MC t Background 
343 tl- 2.7 events 

BtZCkglVUd 
8.7 tl- 2.0 events 

CombinedI+/bWyA-bcContovlr 
CDV pI-&dwy 22-93 Data 

6 "","~"',"","" 

Photon Tnmsverse Energy 

Figure 5: Es distribution is compared with Standard Model prediction (CDF preliminary). 
From the distribution, CDF extracts the limits as shown in the contours: three contours 
correspond to the limits at 68%, 90% and 95% CL. 
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figure. These new measurements improve substantially the previous measurements done by 
UA2[141. 

CDF has calculated the limits from the shape of the EG distribution. The diagrams (a)- 
(d) in Fig. 3 interfere destructively (“radiation-zero” or gauge cancellation) in the Standard 
Model. Presence of anomalous couplings implies the lack of full gauge cancellation and 
results in higher event rate. Enhancement of the W7 cross section is pronounced in the 
tail of the Es distribution. The e and /I combined E; distribution and the Standard Model 
prediction are compared in Fig. 5. The distribution is well described by the Standard Model 
prediction. The limits on CP-conserving anomalous couplings are shown in the figure. 

The two dotted lines in the figure cross at a point where the W magnetic-dipole and 
electric-quadrupole moments are zero, which is excluded by the present measurement. Also 
CDF concludes that at 90% CL the magnetic-dipole moment of W+ is positive. 

5 Zy coupling 

The processes for 27 production are similar to W7 shown in Fig. 3 (V = 2 and Y reads 
charged lepton), except that diagrams (c) and (d) d o not exist in the Standard Model. 
Because the destructive interference is not present, the 27 rate is almost comparable to the 
W7 rate (aBzT/aBwr - a compared to aBz/aBw N $). 

The most general gauge and Lorentz invariant anomalous 227 vertex is:[15] 

l?.&p(q1,q2,P) = 2 x [hf(qz”gafi - qz”g”@) + $f-p * q2gpp - &PO) 

+ h$‘+‘q2, + 3 P” &Pa P,gqzc] (3) 

where P and q1 are the incoming and outgoing 2 boson four-momenta, and q2 is of the 
outgoing 7. The 27 final state includes the processes where the intermediate 2 in (c) and 
(d) in Fig. 3 is replaced with y*. The 277 vertex can be defined similarly. Since all the 
anomalous terms violate unitarity, CDF assumes that hi’s are expressed in form factors and 
are constrained by unitarity:[r6] 

hiv, hy(P2 = i,q; = M&q,2 = 0) = (1 + i,n2),. (4 

CDF places the limits on hiv, with assuming n = 3 for i = 1,3, n = 4 for i = 2,4, and A = 0.5 
TeV.[l’] 

Among these couplings, hso and h40 are CP 
Table 4. Limits on anomalous 227 and conserving and h 10 and h2o are non-conserving 
772 couplings at 95% CL obtained by terms. The transition moments of the 2 boson 
CDF (preliminary). are related to these quantities through, for ex- 

272 vertex 727 vertex ample, transition magnetic dipole moment gz, 
-2.9 < h;5, < 3.0 -3.1 < hIo < 3.1 = &(hfo - hfo). 
-0.7 < hfo < 0.7 -0.8 < hi0 < 0.8 
-2.9 < hfo < 3.0 -3.1 < hzo < 3.1 

-0.7 < hfo < 0.7 -0.8 < hTo < 0.8 
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6 WW and VU’ coupling 

Trilinear gauge couplings can be probed also by measuring W + 2 production and W + W 
production. The Standard Model cross sections in pf! collisions at 1.8 TeV are 9.5 pb for 
W+ W, 2.5 pb for W + 2 and 1.0 pb for 2 + 2 production. The tri-lepton signature in W + 2 
channel is distinctive and has the least background among the all diboson decay channels, 
but is suppressed significantly by the leptonic branching ratios. 

CDF has seen one W + 2 candidate in 21 pb-‘, where W and 2 decay into the electron 
modes. One dielectron pair reconstructs to an invariant mass of -82 GeV/c2, consistent 
with 2, and the third electron and the missing ET reconstruct to a transverse mass of -75 
GeV/c2, consistent with W. 

Two missing neutrinos are involved in the leptonic decay in the W + W channel, which 
makes event reconstruction complicated. Since this channel is an important source of the 
background for top search, detailed studies are being carried out. 

Analysis is in progress to extend the search into (partially) hadronic decay modes to 
increase the event rate at a cost of increased background. 

7 W decay asymmetry 

Primarily, W+ (W-) b osons are produced in pjj collisions by the annihilation of u (d) quarks 
from the proton and 2 (a) quarks from the antiproton. Since the u (‘in) quark tends to carry 
a larger fraction of the hadron momentum than the d (a) quark, the W+ (W-) tends to 
be boosted in the proton (antiproton) direction. The forward-backward asymmetry of the 
charged leptons from W decay occurs through the combination of the difference in u and 
d distributions in the initial hadrons and the (V - A) h c aracter of the subsequent charged 
current decay. Since the (V - A) h c aracter is well measured by muon decay experiments, 
the W decay asymmetry can probe the quark structure of the proton. 

The asymmetry is defined as: 

dcr+/drj - du-/dv 
A(q) = da+ /dq + da- /dq ’ (5) 

where 77 is the pseudo-rapidity of the decay lepton. Because of CP invariance, the asymmetry 
in positive q is equal in magnitude and opposite in sign to that in negative q. This property 
can be used to combine the values at negative and positive 71 together, which reduces the 
effect of any differences in the efficiencies for positive and negative leptons. 

CDF has measured the asymmetry in W + ev and W + /.w channels, and the data 
are combined. The asymmetry data is plotted in Fig. 6 together with predictions using 
various structure functions. The CDF data is sensitive to exclude some of the structure 
functions: The data favors MRS D- and MRS Do, and disfavors MTBl and KMRS Bo 
structure functions. The W asymmetry data is particularly sensitive to the slope of the d/u 
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Lepton Rapidity 

Figure 6: The charge asymmetry of leptons from W decay (CDF preliminary). Predictions 
using various structure functions are overlaid. 

ratio versus z ~1 at high Q” (- M&y), whereas the Fr/J’l’ measurements are sensitive to 
the magnitude of the ratio. Since the errors in the asymmetry data are still dominated by 
the statistical errors, more accurate measurement can be made in near future. 

DO has measured the asymmetry in muon decay mode with the toroidal magnet polarity 
reversed for certain periods to reduce the systematic effect associated in the charge determi- 
nation. Although the asymmetry data agrees in general with the CDF data, DO data can so 
far not distinguish various structure functions because of the fairly large errors on the data 
points. 

8 IV’ and 2’ search 

Many extensions to the Standard Model predict the existence of additional gauge bosons W’ 
and 2’. Extensions include such models as Es, which could specify the coupling strengths 
to quarks and leptons but make no prediction for the additional gauge boson masses. 

The mass limits on W’ and 2’ have been so far set by the CDF group obtained using 
the 88-89 data[lg]. The searches were made in combined electron and muon decay channels. 
CDF has extended the search in 2’ + ee mode using the new data. DO reports the searches 
for W’ and 2’ in electron channels. 

Searches look for the excess in the high mass tail in the dilepton invariant mass distri- 
bution for 2’ and the transverse mass distribution for W’. The searches are summarized 
in Fig. 7. CDF compares the c . B seen and that expected as a function of M,,. The 2’ 
couplings to quarks and leptons are assumed to be identical to ordinary 2, and the 2’ width 
is set to be proportional to the mass. The limit on the 2’ mass is 495 GeV/c’ at 95% CL. 
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Figure 7: Left: Dielectron invariant mass distribution measured by CDF, and upper limit 
of the cross section at 95% CL in comparison with prediction for 2’ production. Right: 
Upper limit (95% CL) of th e number of events observed by DO (line) in comparison with 
the number expected for W’ and 2’ productions (diamonds). 

Note that one event seen -320 GeV/c2 is in agreement with the Drell-Yan expectations. 
CDF has extracted the lower mass limits for four different 2’ models from the J!!& symmetry 
group. The details can be found elsewhere 12’l. The published CDF limit on W’ mass is 520 
GeV/c2 at 95% CL. 

DO compares the number of events seen and of expected above certain masses. In order 
to be sensitive to high mass and low mass W’ and Z’, MT cuts are chosen at 150 and 350 
GeV/c2 for the W’ search and the M,, cuts at 150 and 250 GeV/c2 for the 2’ search. Fig. 7 
shows the plots for the higher mass cut. The obtained mass limits are Mw’ > 600 GeV/c2 
and Mz’ > 440 GeV/c2 at 95% CL. 

9 B”-B” mixing 

Although CDF and DO detectors have been designed to pursuit high pT physics, studies of 
b-physics are possible because of large b cross section of -10 pb (pi > 10 GeV/c), which 
can be compared with 7 nb at LEP. The CDF silicon vertex detector can tag b decays, and 
is useful for the study of b production and decay. 
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B”-2 mixing emerges through the box diagrams in the Standard Model. Study of B”- 
g mixing is particularly interesting if a time-dependent mixing in the B, system is mea- 
sured, from which the CKM matrix element Vt, can be derived. CDF has published the 
B”-3 mixing measurement in ep channel 1211 based on the 1988-89 data. Analysis using the 
1992-93 data is in progress. 

DO reports the B”-@ mixing in dimuon channel. The mixing parameter x is defined 
as: x = pob(b + @ + B” + t?X)/prob(b + 4*X). Since both Bd and B, mesons 
are produced at the Tevatron energy, x being measured is a mixture of these two states: 

x = fdXd + fdXb> where fd and f# are the fractions of the two states and xd and xs are 
the mixing probabilities in the Bd and B, systems. The quantity measured by DO is the 
like- to unlike-sign ~1 ratio: [N(L+C+) + N(C-C-)]/N(L+P). In addition to direct b and 5 
decays, muons via c (b + c --f p) and other processes contribute differently to the ratio. 
The following table shows the processes considered by DO: 

Type like-sign 
b-+p-,b+p+ 2x(1 - x> 

unlike-sign 

Cl- xl" + x2 

- 
Contribution of each process is evaluated using a Monte Carlo simulation, and the derived 
mixing parameter is: x = 0.13 f 0.02 f 0.05. This measurement can be compared with 

b+p-,8-+z+p- (1 -X), +x2 2x(1 - x> 
b---x-y +,z + I + /L- 2x(1 - x> (1 - x)’ + x2 
b 4 C/L-,c + p+ 0% 100% 
c --+ p+,z + /.L- 0% 100% 
Drell-Yan, J/$ , ‘r 0% 100% 
decay background 50% 50% 

0.5 

0.4 

E -. . . ARGUS+CLEO 
-_ 

0.1 

0.0 

Figure 8: xd versus xs for CDF (dot-dashed) and DO preliminary (dashed) values of x. The 
lines indicate the l-a range of the uncertainty. 
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the published value by CDF: x = 0.176 f O.OSl(stat + sys) f O.O32(model). The both 
measurements are shown in Fig. 8 in the xs - Xd plane. The fractions fd and fb are taken to 
be 0.375 and 0.15, respectively 1221. Also shown in the figure are measurements by ARGUS 
and CLE01231, and the region allowed by CKM matrix unitarity. The results are consistent 
with full mixing in the B, system. 

10 Bu, Bd, B, masses 

The masses of B,, Bd and B, mesons are measured by CDF. Primarily, the large b cross 
section, excellent tracking (SIT /pi N 0.0066 $ 0.0014~~ [pi in GeV/c]), and good muon 
identification allow to reconstruct the masses in the fully exclusive decay channels with 
remarkable clarity. 

The B meson masses are reconstructed in the exclusive decay modes: 

l B,, --+ J/+K+ with J/$ + p+p- 

l .& + J/+K*’ with J/p5 + p+p- and K*’ + K+?r- 

l B, + J/&z5 with Jill, -+ p+p- and 4 + K+K- 

and in their charge conjugate modes. Reconstruction of B,‘s, for example, requires a dimuon 
consistent with a J/1/) and two oppositely charged tracks whose invariant mass consistent 
with a r$ when their masses are assumed to be of K. The dimuon and (K+K-) invariant 
mass distributions are shown in Fig. 9. Events are retained if the dimuon mass agrees 
with J/$ within 100 MeV, and the K+K- mass with 4 within 10 MeV. In addition, the 

p+p- Mass (GeV/c’) Moss K’K- (G&/c’) 

Figure 9: Dimuon and (K+K-) invariant mass distributions. 
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5.00 5.20 5.40 5.60 5.60 

M(J/tp K*) &V/c? u(J/9 Kd @‘V/c’) 

Table 5. Summary of B meson mass 
measurements (CDF preliminary). 

Maas (MeV) # events 
B, 5279.6 f 1.7 f 2.9 140 f 15 
&j 5279.9 f 2.5 f 3.8 57 f 10 
B. 5367.7 f 2.4 f 4.8 33 f 7 

60 5.25 5.50 5.75 6.00 

WJ/9 vK-1 &V/ti 

Figure 10: B meson masses reconstructed in the exclusive decay modes. 

reconstructed B is required that pi > 6 GeV/ c, CT measured with SVX/CTC is positive, 
and B points back to the primary vertex with CL(x’)>l%. 

The reconstructed B, mass distribution is shown in Fig. 10, together with B, and & 
mass distributions. The peak is fit to a Gaussian plus a linear background. The lower 
mass range is excluded in the fit since it can include contributions from higher multiplicity 
B decays. The fitted mass values and the numbers of signals in 21 pb-’ are summarized 
in Table 5. The systematic uncertainty includes effects of mass fitting, selection criteria, 
momentum scale uncertainty, and detector alignment. The B, mass measurements by CDF 
and the LEP experiments[24] are compared in Fig. 11. CDF measures the mass with a 
smallest uncertainty. 

The world average (D, - D) mass difference is 99.5 f 0.6 MeV[25]. Assumption that the 
SU(3) flavor splitting in the B system has the same magnitude as in the D system predicts 
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the B, mass in the range indicated by box in Fig. 11. Although there is a tendency that the 
B, mass measured is slightly smaller than the prediction, the CDF data is consistent within 
the uncertainty. 

ALEPH 
5666.8*5.8* 1.5 

DELPHI 
5367~12zt6 

OPAL 
5360*70 

---------. 

CDF 

I * I 1 1 
_ . 

B, mass (GeV) 5.34 5.36 5.38 

11 B,, Bd, B, lifetimes 

Figure 11: Comparison of B, mass measure- 
ments by CDF and LEP experiments. The 
mass is measured using the J/$J 4 decay mode 
(DELPHI, OPAL and CDF), $~‘d decay mode 
(ALEPH) and semileptonic decay mode I),X 
(ALEPH and DELPHI). rn~ + Irno, -mo 1 taken 
from PDG is shown (open box) as comparison. 

Measurement of B meson lifetimes is particularly important to understand the hierarchy of 
B meson lifetimes. Some models predict that r+ > rB, > r” > 7~~ but they agree to within 
lo%-20%. Silicon vertex detector is extensively used to measure the lifetimes. The strip 
dimension of SVX is 60 pm wide in 4 and 85 cm long in z. There are six strips aligned along 
z. There are four layers arranged along the particle trajectory in the range r = 3 cm to 7.9 
cm. The impact point resolution is evaluated to ao(p~) = 8 $45/p~ (pm). 

The lifetimes of B, and Bd are measured by the exclusive decays: B + J/-I) K. The 
proper decay length is calculated from the decay point measured with SVX. The proper 
decay length distributions for charged and neutral B’s, for both the signal and sideband 
regions are shown in Fig. 12. 

The signal region is defined to be within f30 MeV of the world average B mass[251, and 
the sideband regions to be between 60 and 120 MeV away from the world average. The 
signal is parameterized as an exponential convoluted with a Gaussian resolution function, 
while the background parameterized as a Gaussian plus asymmetric exponential tails. The 
signal and sideband distributions are fit simultaneously. 

The B, lifetime is measured from partially reconstructed ! + D,; B, + ot1-x with 
subsequent 0: -+ &r and 4 + KSK- decays. Since the transverse momentum of the B, 
can not be measured directly, CDF defines: 

LBMB LB”B 

cT = pT(B) = m(W-) * 

dDst-) - c7*. K 

Jv(B) 
9 

16 

(6) 
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Figure 12: B, and Bd proper time distributions. 

where LB is the transverse decay length of the B and ~T(D,&?) is the transverse momentum of 
the D, +L- system. The partially corrected decay length, cr*, is quantity directly measurable 
and the correction factor, K, is determined using a Monte Carlo simulation. 

CDF Preliminary 
[““I ““I ,““““I 

40 

20 

c 

3 
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Lo 

1.8 

20 

0 
1.8 1.9 2 2.1 2.2 

M(cpnf) ccev/cr Pseudo-w km1 

CDF Preliminoty 
I’ m s m ” r ’ a ’ r m - - I 

40 - B. lifetlms sample 

background ample 

Figure 13: &r+ mass distribution, showing a 0: signal in the right sign data. CT* distribu- 
tions of the signal and background regions. 
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Fig. 13 shows the &r+ invariant mass distributions and the pseudo-cr (cr*) distributions 
for the signal and background regions. A 0: peak can be seen in the right sign data in 
which oppositely charged lepton is reconstructed. The peak at 1.87 GeV/c2 corresponds to 

D+ from 3 decay. No peak is seen in the wrong sign data. The signal sample contains 
a combinatorial background under the D, mass peak. In order to extract a lifetime from 
the observed cr* distribution, the D, sidebands (excluding D region) in the right sign &r 
mass spectrum and the wrong sign combinations are used to get the cr* distribution of the 
background. 

The CDF preliminary lifetime measurement of B mesons is summarized and compared 
with LEP measurementsI24I in Fig. 14. The CDF measurement of the ratio, 7+/r’, is 1.02 f 
0.16 f 0.05, which can be compared with the corresponding value 2.5 in the D system. 

Bd B, 

ALEPH 

DELPHI 

OPAL 

CDF 

0 0.5 1 1.5 2 0 0.5 1 1.5 2 0 0.5 1 1.5 2 

B-meson lifetime (ps) 

Figure 14: Comparison of B-meson lifetime measurements. 

12 Summary 

The Tevatron Collider at Fermilab is providing wide variety of interesting physics opportu- 
nities. 

Precise measurements of the Standard Model parameters such as the W mass and the 
width are unique with the Tevatron. Tests of the Standard Model include the measurements 
of trilinear boson couplings through the reactions W7, 27, W + 2 at present, and others in 
near future. The proton structure functions are being illuminated through W and 2 decay 
asymmetry measurements. Physics beyond the Standard Model is searched for from W’ and 
2’. 

CDF is capable of pursuing detailed study of b in terms of B hadron spectroscopy and 
lifetime measurements. The study is expected to extended to cover the time-dependent 

B”-B” mixing and CP violation. 
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